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Abstract 
This paper presents the resonator bandpass filter design using the proposed stepped-impedance resonator technique. 
The proposed resonator is consisted of a quarter wavelength coupler with the stepped-impedance connected at the 
end of the lines. Each ports have a step impedance feed line to adjust the impedance of filter closed to the 
characteristic impedance Z0. This resonator can reduce the spurious response at 2f0 and 3f0. The experimental results 
and designs of all types are 0.9 GHz to implement bandpass filters. This filter can suppress the second and third 
spurious response that both the theoretical and experimental performance is presented. 
 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Microstrip bandpass filters are widely used in modern communication systems to enhance the overall system 
performance due to its planar structure, ease of synthesis method, light weight and low cost [1]. The microstrip filter 
parameters can be derived by using both Chebyshev and Butterworth prototypes [2]. It is known that the traditional 
microstrip coupled lines filters are suffer from the spurious responses at 2f0. The even-mode and the odd-mode 
phase velocities for a microstrip coupled lines are unequal [3]. Because of it inherent structure, which is a non-
homogeneous medium, consisted of air above and dielectric below medium [4]. Many methods have been proposed 
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stepped impedance resonators have been found advantageous in designing bandpass filters [8], [9]. To suppress or 
reject this spurious response, we introduce the resonator bandpass filter design using the stepped impedance 
resonators. The SIRs are well known and used to shift or suppress the higher order frequencies. The filter is 
synthesized based on a parallel-coupled structure. In this paper, we propose a new compact microstrip stepped-
impedance resonator for bandpass filter, which has three types. In order to achieve compact circuit size and 
harmonics suppressed. This paper is organized as follows. Section II presents a comprehensive circuit theory, the 
proposed technique of the resonator bandpass filter based on the stepped-impedance. In section III, the fabricated 
resonator shows good bandpass performance. The experimental results are presented and agreed with the simulation 
results. The finally of this paper is a conclusions as section IV.
 
 
 
Fig 1. Equivalent circuits of a two-pole microstrip bandpass filter using the SIR (a) type1, (b) type2 and (c) type3. 
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frequency of passband is designed at f0 = 0.9 GHz. Schematic of the designed microstrip resonator of three types are 
shown in Fig.1. The resonator is designed and fabricated on the substrate of RF60 with 
parameters 6.0rF  , G=0.002 , =1.52 mmh . The basically mainly consists of two SIRs. The length of each resonator 
is Ȝg/4.  The input and output ports are the coupling lines with parallel of each resonator therefore the microstrip 
circuit must have the general layout shown in Fig. 1. This configuration of input and output port feeding causes the 
magnitude of input/output impedances pulled raise up. Therefore, step impedance transmission lines are employed 
both in input and output port to step down the port’s impedance close to the magnitude of characteristic impedance 
Z0.  Fig.2 is the structure for the typical SIR. Each resonator has either a symmetric (even-mode) or an asymmetric 
(odd-mode) voltage distribution on the resonator. The conditions for the determining the resonance 
frequencies of SIR are given as [8] 
1 2tan cot ( mod )R odd eT T    at 1f f         (1) 
1 2cot cot ( mod )R even eT T    at 2f f        (2) 
Where R is the impedance ratio of the SIR defined as 
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Impedance ratio R is an important parameter in investigating SIR’s. The length of the type of SIR’s is presented 
by AT   
1 22( ) / 2AT T T S            (4) 
The resonator attains its maximum value when 1R t  and its minimum value when 1R  . The condition 
yielding a maximum and a minimum length [10] is as follows: 
1
1 2 0 tan RT T T  {          (5) 
When R=1, 1 2( ) / 2T T S  at f0, the resonator length is constant because the resonator is UIR. The resonance 
frequencies of SIR can be turned by changing the value of R and the lengths of the high and low impedance-Z 
segments. When 1 2 0T T T { , the fundamental resonance frequency is presented as f0 and the spurious frequencies 
of / 2gO  SIR ( SNf  for N =1, 2, 3 ….) are defined by  
1 01 1tanS
f f
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 2 1 02S Sf f f            (7) 
3 1 02S Sf f f            (8) 
In this way, the spurious resonance frequency can be controlled by changing the impedance ratio R. So that the 
spurious resonance frequency of SIR as a function of the impedance ration R has shown as Fig. 3.
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Fig 2. Structure of stepped impedance. 
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Fig 3. Spurious response frequencies of the SIR. 
 
3. Simulated and Experiment Results 
The simulated results are shown in Fig.4. The proposed bandpass filter’s insertion (S21) and return losses (S11)  
around f0  are about 1.86 dB  and less than 20.1dB, while the suppression performances at 2f0, and 3f0 compare with 
the bandpass filter are approximately 64.1 dB ,and 52.3 dB  for type I, 1.80 dB  and less than 20.7dB, with 53.4 dB , 
and 54.6 dB  suppression at 2f0, and 3f0 for type II, 1.78 dB  and less than 20.8 dB, with 70.6 dB , and 54.5 dB  
suppression performances at 2f0, and 3f0 for type III. The measurement was performed with HP8720C Vector 
Network Analyzer calibrated from 0.1 to 3 GHz. 
Table 1 Parameter for Design Banpass Fillter. 
 
Techniques Components Coupler’s length 
(T, rad) 
W,S,L 
(mm) 
Proposed Z0e = 70.27
:  
Z0o = 34.53: . 0.50S 1.87, 0.30,37.0 
Impedance Stub 
50stubZ  8 , 30stubR 
D
 
2.25 mm, 13.36 mmstub stubW L   
Feed Lines 1 1
0.6 mm, 20.0 mmF FW L   
2 21.2 mm, 20.0 mmF FW L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Fig 4. The EM simulated results of a two-pole microstrip bandpass filter using the SIR (a) type1, (b) type2 and (c) 
type3. 
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feed filter are shown in Fig. 5. The proposed bandpass filter’s insertion (S21) and return losses (S11)  around f0  are 
about 1.85 dB  and less than 17.6dB, while the suppression performances at 2f0, and 3f0 compare with the bandpass 
filter are approximately 65.3 dB ,and 35.6 dB  for type I, 1.83 dB  and less than 20.3dB, with 58.4 dB , and 26.7 dB  
suppression at 2f0, and 3f0 for type II, 1.79 dB  and less than 26.8 dB, with 68.2 dB , and 50.2 dB  suppression 
performances at 2f0, and 3f0 for type III, respectively. The photograph of the print circuit board of the resonator 
bandpass filter type I, type II and type III based on the stepped-impedance resonators have shown in Fig. 6.
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Fig 5. The measured simulated results of a two-pole microstrip bandpass filter using the SIR (a) type1, (b) type2 and 
(c) type3.
 
Fig 6. Photographs of a two-pole microstrip bandpass filter using the SIR (a) type1, (b) type2 and (c) type3.
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In this paper, the simple design procedures for the resonator bandpass filter using proposed microstrip stepped-
impedance resonator of type1 type2 and type3 are presented. By employing the square impedance located at the end 
of the parallel coupled line. These resonators give more efficiency of performance to reduce spurious response 2f0 
and 3f0 by their structures. The closed form design equations of parallel coupled lines are suitable for using in many 
wireless and microwave applications. These bandpass filters are easy to design and construct. The proposed 
bandpass filter can be used in many wireless and microwave. 
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